• AIM: To clinically differentiate nanophthalmos (NO) and posterior microphthalmos (PM) and to explore the mechanisms related to papillomacular folds (PMF).
INTRODUCTION

M
icrophthalmos is a developmental arrest of ocular growth, defined as eyes with a total axial length (TAL) at least two standard deviations shorter than the mean axial length of a normal control age group [1] . Study showed genetic factors are related to the development of microphthalmos [2] .
The clinical spectrum of microphthalmos includes a heterogenous group of conditions [3] including nanophthalmos (NO) and posterior microphthalmos (PM), both rare conditions with decreased TAL and high hyperopia without additional malformations [4] . While PM primarily affects the posterior segment, NO is microphthalmos with a small-sized anterior segment [5] . A retinal papillomacular fold (PMF) in the posterior segment is associated with PM and NO [6] [7] [8] [9] . PMF formation was speculated to be due to the redundancy of retinal tissue as a result of the disparity between the normal growth of the retina and the halted growth of the sclera [10] [11] . A thickened sclera consisting of abnormal deposits of glycosaminoglycans and elevated levels of fibronectin [12] [13] [14] is also associated with PM and NO. Recessive mutations in the membrane-type frizzled-related protein and the serine protease PRSS56 have been found to cause both PM and NO [15] [16] [17] [18] . The extent of overlapping of phenotype and genotype in PM and NO make it difficult to differentiated them in clinical practice [15] [16] [17] [18] . In the current study, we documented various features and clinical management of NO and PM to better understand and differentiate these rare conditions and their prognosis. The mechanisms of PMF formation was studied using optical coherence tomography (OCT).
SUBJECTS AND METHODS
The medical records of 34 patients with microphthalmos (54 eyes) from April 2009 to October 2017 were retrospectively reviewed. The inclusion criteria of this study included an axial length of <20 mm, high hyperopia >+7.00 D sphere and no other ocular or systemic abnormalities such as congenital cataract, anterior synechiae, coloboma of iris, retina, choroid and optic disc. Patients who were too young to cooperate with OCT examination were excluded. All the included subjects underwent a full clinical evaluation and a complete ophthalmologic examination including: best-corrected visual acuity (BCVA), intraocular pressure measurement, cycloplegic refraction, axial length determination, slit-lamp biomicroscopy, A-mode and B-mode ultrasonographic examination, dilated fundus photography and OCT (RTVue-100, Optovue Inc, Fremont, CA, USA 
RESULTS
Seven patients (14 eyes) were included in this study. There were 3 male and 4 female patients and all were sporadic cases without a consanguineous relationship. Demographics and clinical parameters of patients are summarized in Table 1 .
The presenting age of the NO cohort was significantly higher and with a larger range compared with the PM cohort (NO: 27±16y, range: 5-41y; PM: 3.7±0.6y, range: 3-4y). All of the affected eyes showed compromised visual acuity (no light perception to 20/40), high hyperopia (+8.00 to +19.50 D), decreased TAL (14.00 to 16.40 mm) and increased FRT (253 to 635 μm). Fundus photos revealed PMF in 3 eyes that was confirmed by OCT. OCT also showed 5 eyes had retinal folds not apparent from fundus examinations. The anatomic contents of PMF consisted of a thickened ganglion cell layer (GCL), inner plexiform layer (IPL), inner nuclear layer (INL), outer plexiform layer (OPL) and a highly bunched up outer nuclear layer (ONL) on OCT imaging (Figures 1-4 ). The external limiting membrane (ELM), ellipsoid zone layer (EZL) and RPE/Bruch's complex (RBC) were found to be normal. In eyes without PMF, rudimentary fovea with increased thickness were noted. Four eyes that were NO developed angle closure glaucoma. Three eyes that were NO developed exudative retinal detachment and were successfully treated with lamellar sclerectomy. Clinical parameters of eyes with and without PMF are listed in Table 2 . FRT was significantly lower in patients with a flat macula compared with patients with PMF.
Patient demographics and clinical parameters of patients with NO and microphthalmos are listed in Table 3 . FRT and the number of eyes with an absence of foveal depression were significantly higher in patients with NO compared with patients with PM ( Table 3 ). The number of eyes with macular folds were significantly lower in patients with NO compared with patients with PM (Table 3) . [19] . The presenting age of the NO cohort was significantly higher and with a larger range compared with the PM cohort, a finding similar to that of another study [20] . However, TAL and high hyperopia were not statistically different in patients with NO and PM. In the current study, PMF with a higher FRT was more likely to occur in cases with PM (25% in NO, 100% in PM). It has been hypothesized that PMF formation is due to the redundancy of retinal tissue compared with small-sized eyeballs [6] . However, we found that TAL in 2 groups was not significantly different which implies that there may be another explanation other than the disparity of retinal tissue and sclera. OCT was superior in finding small PMF that were difficult to find in fundus photographs. The PMF involved GCL, IPL, INL, OPL and ONL. This is different from the normal structure of the fovea which is only comprised of ONL. An abnormal or rudimentary fovea was part of the reason for poor vision [21] . It has been speculated that PMF formation is due to a thickened sclera that impedes the development of the choroid and the RPE but does not influence the growth of the neurosensory retina, thereby causing it to fold [22] . We believed this contributed to PMF formation because scleral thickening was observed in all of our patients and PMF was located only in the neural retina without involvement of the RPE or choroid. However, as part of the neural retina, ELM and ellipsoid are not involved in the fold. In addition, significantly increasing thickness of inner retinal layers in the foveal region were also found. So the redundancy of retinal tissue and poor differentiation of the macula may contribute to PMF formation. The left eye of patient 1 after 2 surgical procedures for retinal detachment showed resolution of PMF and disturbance of ELM, IS/OS and ONL. This may be related to the degeneration of retinal layers after the long duration of retinal detachment. Intraretinal cystlike cavities located in the INL were seen in 25% of the eyes with PMF. In eyes without an apparent PMF (these were all NO eyes), abnormal macula without a foveal pit was observed. GCL, IPL, INL and OPL were also seen in the foveal area, so the fovea was thicker compared with normal eyes. We also found that complications such as angle closure glaucoma and exudative retinal detachment were more likely to occur in NO cases. Exudative retinal detachment was found in 3 nanophthlamic eyes and increased resistance to both protein movement and venous outflow through the abnormal sclera was suggested as the main cause, so we performed lamellar sclerectomy in these eyes. In their latest follow up, the retina was attached. All of these were cases were adults supporting the previous findings of the reduced permeability of the sclera with advancing age [23] . Besides, angle closure glaucoma and choroidal folds were also found in our study. All of the individuals presented with these features were adult NO cases. It has been suggested that NO eyes have thicker lenses and a high lens/eye volume ratio, which may cause a higher uveal effusion risk [20] . In addition, abnormal thickened sclera which can cause angle closure glaucoma and choroidal folding were found in every patient. Though no complications were found in the PM cohort, it is important to notice that in this study, patients in PM cohort were significantly younger compared with the NO group. Complications may not develop until late in their life, so the importance of a regular follow up should be noted. We found crowded optic discs and virtuous retinal vessels were the most frequently found fundus features in both NO and PM cohorts. The formation of a crowded optic disc may be due to the dense arrangement of the optic nerve fibers into a small scleral canal in small eyes [24] . Patient 5 with a hyperemic and crowded optic discs, was misdiagnosed as papillitis. Patient 3, with bilateral late-phase angle closure glaucoma due to uveal effusion syndrome, had cupped optic disks. This suggests that ocular structure changes due to complications. Therefore, it is important to perform a detailed ophthalmologic evaluation and provide a close follow-up. The limitations of our study include the small sample and short duration of follow-up. In addition, some biometric data were not available because of the poor cooperation of the pediatric patients.
In conclusion, eyes with NO and PM have poor vision due to the high refractive amblyopia and structural macular changes. In our study, patients with PM were younger compared with patients with NO, and PM was unrecognized frequently due to these eyes presented with normal anterior segment dimensions [4] [5] . Therefore, careful examination at presentation and appropriate ancillary tests are required for the diagnosis of PM. In addition to the previous hypothesis that PMF was due to the redundancy of retinal tissue as a result of a disparity between the normal growth of the retina and the halted growth of the sclera, we proposed that the PMF and flattened macula in PM and NO may also develop as a result of a poorly differentiated macula because the presence of inner retinal layers in this area. Complications such as angle closure glaucoma and exudative retinal detachment occur mainly in NO compared with PM. Therefore, close follow-up should be scheduled for early detection of for exudative retinal detachment and angle closure glaucoma. Scleral surgery may be useful in attaching the retina in these eyes.
